Introduction: Although laparoscopic surgery uses relatively small incisions,
Introduction
Incisional hernia (IH) is a common complication of colorectal surgery, with a reported incidence rate of 2%-20% (1, 2) . More than one-third of patients with IH are symptomatic, with pain and discomfort at the hernia site resulting in a limitation of activity, possible obstruction, and overall decreased quality of life (3) . One study reported hernioplasty to be required in 6%-15% of IH cases to relieve symptoms of strangulation or obstruction (4) .
The various risk factors that play a role in the development of IH tend to fall into three major categories: (i) increased intra-abdominal pressure; (ii) surgical technique and perioperative conditions; and (iii) impaired wound healing. Excessive adipose tissue in obese patients may interfere with completion of the appropriate surgical procedure, increasing the likelihood for various postoperative complications (5, 6) . Additionally, diabetes mellitus, smoking, wound infection, and localized inflammation may directly affect postoperative healing.
With evidence demonstrating that clinical and technical factors may be linked to the development of IH, it was hoped that the advent of laparoscopy for colorectal cancer surgery would diminish the risk of IH. However, this benefit of laparoscopic colorectal cancer surgery IH has not yet been validated. Therefore, finding methods to prevent and treat IH should be a priority. Accordingly, our aim in this study was to identify the incidence rate of IH in the era of laparoscopic colorectal surgery and to clarify the risk factors for postoperative development of IH in patients treated for colorectal cancer using a laparoscopic approach.
Materials and Methods
Our study group consisted of 212 patients who underwent laparoscopic colorectal cancer surgery at the Hiroshima Prefectural Hospital (Hiroshima, Japan) from November 2008 to October 2013. All patients underwent surgery after providing informed consent. Our study was approved by the Ethics Committee at the Hiroshima Prefectural Hospital, and it was performed in accordance with the Declaration of Helsinki.
Our indications for open surgery include direct tumor invasion of other organs or structures, pressure exerted on the ileus, prior history of major abdominal surgery, and the need for lateral dissection of lower rectal tumors. Patients with these indications for an open procedure were excluded.
After laparoscopic colorectal cancer surgery, postoperative CT was conducted every 6 months to monitor for cancer recurrence for up to 5 years. The primary endpoint for analysis was any postoperative incidence of IH during the evaluation period. IH was retrospectively diagnosed on CT images if there was a discontinuity in the abdominal fascia, with evidence of a breach of the incision site by fat, peritoneum, and/or bowel. The length of follow-up was calculated from the date of the most recent clinical note that included a documented abdominal examination. Patients were registered consecutively.
We retrospectively extracted data from patient charts, including age, sex, height, weight, BMI, visceral fat area (VFA), subcutaneous fat area (SFA), albumin concentration, presence of respiratory disease and diabetes, use of anticoagulant/antiplatelet drugs, tumor location and diameter, operative time, staging of cancer, conversion to an open procedure, and postoperative complications.
The BMI, VFA, and SFA were used as primary indices of obesity, and the rate of IH development was evaluated in relation to each of these measures. The VFA and SFA at the level of the umbilicus were calculated using the image analysis system (SYNAPSE VINCENT; Fujifilm, Tokyo, Japan) ( Figure 1 ). A BMI of 25 kg/m 2 was used as a cut-off value to differentiate obese and non-obese patients; this cut-off is based on the definition of obesity proposed by the Japan Society for the Study of Obesity (7). Because there are currently no established cut-off values for obesity in terms of VFA and SFA, receiver- operator curves were constructed to compare the VFA and SFA values to the IH classifier. The cumulative incidence of IH during the evaluation period was assessed using the Kaplan-Meier method. For statistical analysis, Fisher's exact test and Student's t-test were used for univariate analysis, and logistic regression analysis was used for multivariate analysis.
Covariates with a P-value <0.05 on univariate analysis were included in further multivariate analysis. The significance level was set at 0.05 for all analyses.
Results
Our study consisted of 212 patients (111 men, 101 women) who underwent laparoscopic surgery for colorectal cancer treatment during the study period. In the group, the median age at the time of surgery was 69 years (range, 30-90 years), weight was 56.5 kg (range, 27-92 kg), BMI ), and albumin concentration was 4.2 g/dL (range, 2.7-4.9 g/dL). Tumors were located in the right colon in 58 cases and in the left colon and rectum in 154 cases. The median tumor diameter was 30 mm (range, 5-100 mm), with a median operative time of 266 min (range, 158-448 min). Among our study group, 69 cases were classified as early cancers and 143 as advanced cancers; conversion to an open procedure was necessary in 23 cases. Over a median observation period of 43 months, we identified 31 cases with postoperative complications and 9 cases of surgical-site infection (SSI).
After surgery, 18 patients developed an IH. The cumulative incidence rate curve is shown in Figure 2 . The cumulative incidence rate for 5 years was 8.5%, with the majority of IH developing within 2 years of the surgery.
On univariate analysis, older age; female sex; a BMI >25 kg/m 2 ; and higher SFA (cm 2 ), VFA (cm 2 ), and albumin concentration (g/dL) significantly increased the risk Figure 2 Cumulative incidence rate curve for incisional hernia during the observation period. (Table 4 ). In contrast, among men with a low VFA (<110 cm 2 ), an IH developed in only one patient (1.9%).
Discussion
Surgical risk stratification represents a promising opportunity to identify patients at high risk for a postoperative complication, enhance preoperative counseling, and incorporate evidence-based strategies to mitigate adverse outcomes and contain costs. Although IH is a commonly encountered surgical complication, only modest progress has been achieved with regard to preoperative identification of patients at risk for hernia after abdominal surgery. Based on a retrospective analysis of 212 patients who underwent laparoscopic surgery for colorectal cancer treatment, we created a risk model and stratification system to predict the incidence of IH. The diagnosis of IH was based on a combination of radiology and physical examination. Previous studies have reported that 20%-30% of IH cases are missed when only physical examination, as opposed to CT, is performed (8, 9) . Ultrasonography may also be used, and it can increase the diagnostic yield by at least 20% (10) . Indeed, the European Hernia Society guidelines state that medical imaging is the preferred method for IH detection for research purposes (11) .
On univariate analysis, we identified older age and female sex, as well as higher BMI, SFA, VFA and albumin concentration, as significant risk factors for IH; female sex and higher VFA (>110 cm 2 ) were retained as independent risk factors on multivariate analysis. Obesity is an especially important risk factor for IH, with the association between obesity and IH attributed to increased abdominal wall tension (12); our data support such an association. As BMI is easy to calculate, requiring only a patient's height and weight measurements, it is a popular surrogate marker for obesity in the literature (13, 14) . However, BMI does not indicate the type of adipose tissue or the location of fat within the intraabdominal cavity. As such, BMI cannot be used as an independent risk factor. Several techniques have been evaluated to improve the accuracy of measuring body fat composition, with CT imaging providing an accurate measurement of VFA and SFA (15) . Our results clearly indicated visceral, but not subcutaneous, adipose tissue as a risk factor for IH development. Excessive visceral tissue might impair appropriate closure of the abdomen and, therefore, play an important role in the development of IH. However, to better understand the incidence of IH and to establish a protective strategy, further studies controlling for these clinical covariates are warranted.
In our study, we identified female sex to be a risk factor for IH, which contradicts a previous report of male sex being a risk factor for IH (16, 17) . However, another study did report female sex to be an independent risk factor (18) . These discrepancies regarding sex-specific influences on the risk for IH may reflect differences in the study population. It is possible that sex-specific differences in wound healing relate to differences in collagen metabolism (19) . As such, the sex-specific effects on the risk of IH remain controversial and require further study.
Our identification of age 72 years as a risk factor for IH may reflect the effects of age on the health status of elderly patients with colorectal cancer, including poor nutritional status and sarcopenia. Armstrong et al. previously described the relationship between poor nutritional (20) . Age-related changes in the composition of interstitial collagen may also affect IH formation (21) . Higher albumin concentration (>3.9 g/dL) as a contributing factor to IH development provides a possible etiological mechanism for IH. However, in the present study, albumin concentration was not retained as an independent risk factor; its role in IH requires further study. We also considered whether open colorectal surgery and SSI were associated with an increased incidence of IH. One explanation for the difference in incidence of IH between open and laparoscopic surgery may simply be the shorter length of incision. The incidence of SSI is lower after laparoscopic than after open colorectal surgery. Therefore, SSI was not an independent risk factor in this study. Certainly, the limitations of our study need to be acknowledged as they could have influenced the risk factors for IH that we identified. First, our sample was enrolled from a single high-volume center, with risk factors based on a retrospective analysis of observational data; as such, patient selection bias was inevitable. Second, we did not specifically include data on the length and site of the wound. Although use of a small midline incision is assumed for specimen extraction during laparoscopic colorectal surgery, this could not be confirmed because of the retrospective nature of our study design. Third, our sample group was small; larger studies are required to confirm our findings.
In conclusion, after laparoscopic colorectal cancer surgery, female sex and higher VFA are significant risk factors for developing IH. In patients who exhibit these characteristics, appropriate measures should be taken to prevent IH.
